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Abstract 
 
Background: To study the effects of electromagnetic 
radiations generated by mobile phone on height of 
follicular cells in thyroid gland of mice. 
Methods: In this experimental study, 20  adult BALB/C 
male mice were divided randomly into two groups, 
comprising of 10 animals in each group. Group A was kept 
under same experimental conditions without mobile 
phone exposure, group B received 50 missed calls /day, 
from mobile phone set. Thyroid gland was removed 24 
hours after the last experimental day. These were then 
processed and analyzed. 
Results: There was significant difference in mean 
height of follicular epithelium in thyroid gland of control 
and experimental group. 
Conclusion: Long term exposure to electro magnetic 
fields (EMFs) causes increase in size of follicular cells of 
thyroid gland of mice. 
Key Words: Electromagnetic field , mobile phone; 
follicular thyroid cells 
 
Introduction 
 
Electromagnetic radiations are emitted by 
many natural and man made sources and are a part 
and parcel of our lives. The source of electromagnetic 
radiation is accelerating charges, and electromagnetic 
radiation manifests itself as oscillating electric and 
magnetic field.1 Until recently, the natural 
electromagnetic background was relatively constant, 
but situation changed markedly and precipitously 
with the development of modern communications and 
electrical power systems. The environment is now 
heavily laden with man made electromagnetic fields 
from radio, TV, microwave, mobile and many similar 
sources.2 
Our mind, body and control of our endocrine 
glands and immune system are controlled by weak 
electrical brain waves that interact with 
electromagnetic environment.3 Mobile phone handsets 
operate in close proximity to the human body, and 
large number of base station antennas are required to 
provide widespread availability of service to the 
population. In addition to the time spent by the user 
on the mobile phone, there is a continuous 
bombardment of environmental electromagnetic fields 
(EMF) from base stations, which are now casually 
stationed in residential areas.4 Being waves, EMF have 
the inherent property of oscillation. The biological 
electrical activities of the human body are vulnerable 
to interference from the oscillatory aspects of EMF, 
causing subtle non-thermal effects on fundamental 
cellular activities. 5 Non thermal effects of EMF have 
been reported in various studies. These include cell 
kinetics and proliferation effects, effects on cell 
protein, production of free oxygen radicals and nerve 
cell damage in mammalian brain and effects on chick 
embryo retina. 6-9 In contrast to the above mentioned 
studies, there are also authors who contest the adverse 
health effects of EMF. Some researchers are convinced 
that there are no measurable EMF associated changes. 
10 
Thyroid follicle is the structural unit of thyroid 
gland. It has roughly spherical cyst like compartments 
with a wall formed by a simple cuboidal or low 
columnar epithelium, the follicular epithelium. 
Hundreds of thousands of follicles that vary in 
diameter from 0.2 to 1.0mm constitute nearly entire 
mass of thyroid gland. Follicles contain gel like mass 
called colloid. Apical surface of follicular cells is in 
contact with colloid and its basal surface rest on the 
basement membrane. 11 
The structural components of the thyroid 
gland respond to many types of stimuli and are in a 
state of regular adaptation in size and shape of the 
follicles; their content and height of the epithelium 
vary with the functional condition of the gland. 11 Any 
physiological change or stress is reflected in transient 
hyperplasia of the thyroid epithelium and reversibly 
involution occurs and follicular cells resume their 
normal size, when stress abates. 
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Materials and Methods  
The study was carried out in department of 
Anatomy, Army Medical College and National 
Institute of Health, Islamabad from  November 2009 to 
November 2010. 
Twenty adult BALB/C male mice were taken. 
Animals were given standard diet and kept at 
standard temperature 21 ± 20 OC, and animal room 
was maintained on 12 hour light/dark cycle. They 
were divided randomly into two study groups, 
comprising of 10 animals in each group. 
Experimental animals were housed in the 
standard plastic cage with the exposure device (mobile 
phone) kept in centre of the animal cage, in a separate 
small cage. Group A (Control Group) were kept under 
same experimental conditions without a mobile phone 
throughout 60 days. Group B were exposed to 50 
missed calls of thirty seconds duration separated by 
fifteen second interval / day for 8 weeks from a GSM 
mobile (900/1800MHz) in silent mode . 12 At the end of 
experiment, animals were  sacrificed by over dose of 
ether. Midline incision was given in neck, overlying 
muscles, lymph nodes and salivary glands were 
removed. Thyroid gland was  taken out along with 
trachea and esophagus. Tissue was  preserved in 10 
percent formaline, for forty-eight hours then taken and 
processed for paraffin embedding, 5µm thin sections 
of tissue were prepared and mounted, on glass slides. 
Haematoxylin eosin stain was used. Sections of 
thyroid were examined microscopically for height of 
follicular epithelium under high power field. 
For the calculation of height of follicular 
epithelium, an ocular micrometer was used in 
calibration with a standard stage micrometer. Three 
observations were made in each lobe of gland in this 
way with six observations in each section and 60 
observations in each group. Descriptive statistics were 
used to describe the data, i.e., mean and standard 
error(SE) for follicular epithelial height (ANOVA) 
followed by Post_hoc tukey test. The difference was 
regarded statistically significant if the p value was 
equal to or less than 0.05. p value was found by means 
of “t” distribution table.  
 
Results 
 
Findings of group A (Control):On microscopic 
examination thyroid gland revealed normal 
morphology. The thyroid gland of control animals was 
characterized by the predominance of macrofollicles 
rich in a colloid material. Mean height of follicular 
epithelium was 3.60 ± 0.12µm.   Thyroid follicles were 
lying in close approximation with little stroma in 
between. and surrounding area of follicle showed 
parafolliclular cells in groups and blood vessels.  
 
Normal thyroid gland 
 
Experimental thyroid 
Fig1: Low power view of normal (A) and 
experimental (B) thyroid  
 
Findings of group B (Experimental):Whereas the 
lobes in the exposed group showed numerous micro 
follicles with less colloid content, mean height of 
follicular epithelium was 7.26µm ± 0.24µm. The 
thyroid stroma in exposed mice consisted of wider 
connective tissue septa and more dilated blood 
capillaries compared with those of the controls 
 
Table1:Epithelial height of both groups 
Groups Mean±SE(µm) 
Control group A 3.60 ± 0.12 
Experimental group B 7.26 ± 0.24 
P-Value <0.00* 
* Highly significant  
Discussion 
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In past few years, the increased use of 
personal mobile phones have worried users because of 
the position of transmitter close to the users head. 
Faced with the urgent question of whether mobile 
telephones are harmless, many studies have been 
carried out to evaluate possible effect of EMFs on the 
tissues.13 Duration of exposure to the cellular phone is 
an important factor, but the exact duration differs from 
individual to individual. Today mobile telephone 
work at the total power output of about two watts, are 
estimated to produce insignificant local heating, which 
is  unlikely to produce any deleterious effects.14 Recent 
research suggest that there are non thermal effects on 
the living tissue. The cell receptors respond to the 
carrier signal of the mobile phone, and get excited 
resulting in the impairment of delicate microtubular 
connections between the cells; in other words the cells 
get locked up. Furthermore this  leads to an increase in 
intracellular heavy metals and reactive oxygen species 
( ROS) generation. ROS play a major role in 
electromagnetic radiation induced tissue damage.15 
Exposure to 900MHz electromagnetic radiations from 
mobile phone has been shown to increase 
malondialdehyde, nitric oxide levels and activities of 
xanthine oxidase and glutathione peroxidase and to 
decrease the activity rate of superoxide dismutase and 
glutathione peroxidase  activities in the rat brain.16  
Exposure of adult Spargue-Dawely rats to regular cell 
phones also resulted in mRNA up regulation of 
several injury associated proteins such as calcium.17 
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